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Abstract— Due to the growing penetration of wind energy into the 
power grid, wind power must play a more active role in grid 
operation and control. A decentralized wind farm power control 
scheme focusing on reactive power and voltage control is 
presented in this paper. Compared to the popular Centralized 
Power Control (CPC) schemes, this solution is cheaper, more 
reliable and needs less installation effort, because there is no need 
for the central control unit, measurement sensors at the Point of 
Common Coupling (PCC) and communication infrastructure. 
Moreover, contrasting the CPC solutions, communication 
problems do not degrade the system performance. In this method 
required values at PCC are calculated with the help of a two-port 
wind farm model, afterwards these values are used to correct the 
reactive power set point of each converter to satisfy grid code 
requirements at PCC. Finally, the correctness of the proposed 
control strategy is validated by simulation results.  
Index Terms—Decentralized Control - Reactive Power Control – 
Voltage Control – Wind Farm Control  
I. INTRODUCTION 
As the penetration of wind energy into the power grid 
increases, wind power must play a much more active role in 
grid operation and control. Thus, many power system operators 
have strict grid connection requirements for behaviors of wind 
power systems [1] and demand an operational behavior and 
controllability similar to conventional power plants. This paper 
focuses on the generators with full scale converters (Type-4) 
because they provide a smooth grid connection for the entire 
speed range [2]. As the requirements should be satisfied at the 
point of common coupling (PCC), the whole wind farm should 
be considered as a single unit. To realize the required control 
tasks various control strategies are developed. An overview of 
wind farm control strategies is provided in [3]. A common 
solution to control a wind farm is the Centralized Power Control 
(CPC) deploying  two hierarchical control levels. The lower 
level is the wind turbine control, a local controller for each wind 
turbine to control the power generation at wind turbine level, 
and at upper level, there is the wind farm control, a central 
control unit to control the wind farm at wind farm level. In CPC 
besides the central control unit, measurement sensors at PCC 
and communication means are required. Moreover, the 
communication delay or data loss can degrade the system 
performance [4]. Therefore, in this paper a decentralized wind 
farm control scheme focusing on reactive power and voltage 
control is presented. In this control scheme the upper level 
control, the wind farm central control unit, is removed. Plus, no 
measurement sensors at PCC and communication infrastructure 
are required. The essential values at PCC are calculated by 
implementing the model of the wind farm transformers and 
cables into converter controllers. By using these models each 
converter controller can correct its own reactive power set point 
to compensate the reactive power demand of the cables and 
transformers and meet the grid code requirements at PCC. 
II. CENTRALIZED WIND FARM POWER CONTROL   
For the centralized power control solutions, two hierarchical 
control levels are necessary which are described in  detail in the 
following. 
A. Wind Turbine Control system 
In the literature there are different control strategies for 
variable speed wind turbine [5]. Typically, two levels of control 
operations are performed by wind turbine control system. 
Higher level consists of turbine level supervisory control, 
which controls operational state transition considering the wind 
conditions and health of wind turbine generators. The lower 
level mainly includes pitch controller and converter controller 
[3]. Different control schemes for grid connected converters are 
introduced in [6]. In case of full-scale back to back converters, 
the converter controller, controls both generator side converter 
and Grid Side Converter (GSC) to follow the active power and 
reactive power set points. Normally the active power set point 
is determined by maximum power point tracking techniques or 
ordered by the central controller. The control of active power is 
outside the scope of this paper. 
Since GSC is directly interfaced with the grid and plays an 
important role to comply with strict grid codes, this paper will 
mainly focus on this part of the wind power generation system. 
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The active and reactive power control is realized by controlling 
direct and quadrature current components (id and iq), 
respectively [7]. The injected active power to the grid is 
controlled by an outer dc voltage control loop generating the id 
set point. The reactive power is controlled by setting the q-axis 
current reference of the current control loop. The d-axis of the 
synchronous reference frame is aligned to the voltage vector 
(voltage oriented control) by implementing the Phase Lock 
Loop (PLL). 
B. Wind Farm Control 
The wind farm controller behaves as a single central unit. It 
controls the power production of the whole wind farm by 
sending out the power references to the wind turbine control 
level. For the centralized control, these power references are 
prepared according to grid code requirements in the wind farm 
control level based on several measurements at PCC and the 
available power of each individual wind turbine. As shown in 
Fig. 1, wind farm controller (WF Ctrl.) determines the power 
set points for each wind turbine controller (WTG Ctrl.) to 
satisfy the system operators demands at PCC by measuring the 
voltage, active and reactive power at PCC. This control strategy 
is a close loop control thus, special attention must be paid to the 
effect of communication lags and data loss in designing a 
central wind farm controller [4]. 
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Fig. 1. Centralized control scheme 
In [8] the authors address the design and implementation 
issues of a centralized power controller strategy of a wind farm, 
focusing on regulating the wind farm power production to the 
reference power ordered by the system operators. A 
comparative study on the performance of three control 
strategies for doubly-fed induction generator (DFIG) wind 
turbines, when both active and reactive power set points are 
ordered by the wind farm control system is presented in [9]. The 
important point of all these works is that the power references 
are produced in the wind farm control level. There are different 
strategies for computing active and reactive power references 
for each wind turbine. The simplest strategy is to calculate the 
same power references for each wind turbine [10]. A more 
efficient strategy is proposed in [8] where the power reference 
for each wind turbine is considered from a proportional 
distribution of the available power, so no turbine becomes 
overloaded. The ultimate objective of all these strategies is to 
ensure that the wind farm active and reactive power outputs 
conform to grid operator demand at PCC.  
III. DECENTRALIZED WIND FARM POWER CONTROL 
The presented decentralized wind farm control strategy 
focuses on reactive power and voltage control. In this proposed 
method, the cables and transformers connected to each 
generator are modeled as an approximated T equivalent circuit. 
The series and shunt parameters are calculated and 
parameterized in each turbine converter controller. This enables 
each turbine converter controller to calculate the voltage, active 
and reactive power at PCC. Furthermore, each turbine can 
correct its own reactive power set point to compensate the 
reactive power deviation caused by transformers and cables and 
achieve the desired reactive power at PCC. Consequently, the 
wind farm controller can be omitted if the remote control of the 
wind farm is not required, otherwise each turbine controller 
should be able to directly receive the communication signals 
from the grid operator containing the set points at PCC. In any 
case, no current and voltage sensors are required to be installed 
at PCC by the wind farm operator. This makes this control 
cheaper and more reliable. Furthermore, the negative effect of 
communication delay, noise and data loss is no concern. The 
major disadvantage of this method is the parameterization 
effort. Every individual converter in the wind farm should be 
parameterized accurately, meaning that there is a limited 
flexibility for future extension or structural changes in the wind 
farm.   
A. Two-Port Equivalent Circuit of the Wind Farm 
The cables and transformers between each turbine and PCC 
can be regarded as an approximated T equivalent circuit, as 
shown in Fig. 2 [11]. Having the precise parameters of the LV-
cables and transformers are necessary and the accuracy of MV-
cables and HV transformers parameters is less important 
because their referred impedances (to LV side) are much 
smaller than the impedances of the transformer and LV-cables.  
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Fig. 2. Two-port equivalent circuit seen from each wind turbine 
Based on [11] the active and reactive power at PCC can be 
stated by these equations 
 ௉ܲ�� = ௡ܲ − ܴ௡ೞ�ೝ��ೞ. ௉�2+ொ�2����2 − ܩ௡ೞℎೠ�೟ . �௉��ଶ  
 ܳ௉�� = ܳ௡ − �௡_௦௘௥�௘௦. ௉�2+ொ�2����2 + �௡_௦ℎ௨௡௧ . �௉��ଶ  
where Pn and Qn are the p. u.  active and reactive power of nth 
wind turbine, PPCC and QPCC are the p.u. active and reactive 
power at PCC, Rn_series and Xn_series are the p.u. resistance and 
reactance of the series impedance Zn-series regarding the nth 
turbine, Gn_shunt and Bn_shunt are the shunt conductance and 
susceptance of shunt admittance in p.u. 
B. Calculation of Series and Shunt Parameters 
 The series and shunt parameters can be calculated manually 
or using a power flow program. Two power flow calculation are 
required for each turbine. One with UPCC=1 p.u., Pn=0, Qn=0 
to calculate the shunt parameters from (3) and (4) when all other 
turbines including their transformer and cables are 
disconnected and the other one with UPCC=1 p.u., Pn=1, Qn=0 
to calculate the series parameters from (5) and (6).  
 ܩ௡_௦ℎ௨௡௧ = − ௉ܲ��   �௡_௦ℎ௨௡௧ = ܳ௉��   ܴ௡_௦௘௥�௘௦ = 1 − ௉ܲ�� − ܩ௡_௦ℎ௨௡௧  ��௦௘௥�௘௦ = −ܳ௉�� + �௡_ୱ୦୳n୲ 
For each wind turbine these values should separately be 
calculated and implemented in generator converter. However, 
if all the transformers in the farm are similar and cable lengths 
are not so different, it will be possible to use the same values 
for all the converters. This reduces the parameterization effort 
significantly. 
C. Calculating the Voltage, Active and Reactive Power at 
PCC 
In order to meet the grid code requirements at PCC, the 
voltage, active and reactive power at PCC should be known. In 
this decentralized control method, these values are calculated 
using the Zn_series , Yn_shunt , the feed in current and inverter 
voltage. 
Equation (7) is used to calculate voltage at PCC. 
�௉�� = √(�ௗ + �ௗ . ܴ௡_௦௘௥�௘௦ − �௤ . �௡_௦௘௥�௘௦)ଶ+(�ௗ . �n_ୱe୰୧eୱ + �௤ . ܴn_ୱe୰୧eୱ)ଶ  
where Vd is the d-axis of inverter voltage, and id and iq are the 
direct and quadrature axis components of inverter current. 
The reactive power at PCC is calculated as 
 ܳ௉�� = ܳ௡ − ܳ௡_ௗ௘௩ 
where Qn_dev is the deviation in reactive power given by 
 ܳ௡_ௗ௘௩ = (�ௗଶ + �௤ଶ). �௡_௦௘௥�௘௦ − �௡_௦ℎ௨௡௧ . �௉��ଶ  
and finally the active power at PCC is derived from (10). 
 ௉ܲ�� = ௡ܲ − ௡ܲ�௢௦௦ 
 ௡ܲ�௢௦௦ = ܴ௡_௦௘௥�௘௦ . ሺ�ௗଶ + �௤ଶሻ + ܩ௡_௦ℎ௨௡௧ . �௉��ଶ  
Equation (10) is accurate only if all the wind turbines in a 
wind farm are generating the same active power in p.u., i.e. all 
the individual turbines in the wind farm are similar and receive 
identical winds which is normally an accepted assumption and 
the base of many full aggregated modeling techniques of wind 
farm [12], [13].  
D. Reactive power set point correction  
Automatic Voltage Control (AVC), i.e. controlling the 
voltage in the wind farm PCC is one of the reactive power 
control function required by the system operators. This means 
that the wind farm must produce or absorb an amount of 
reactive power to compensate for the deviations in the PCC 
voltage. Additional reactive power control functions can be 
constant reactive power and constant power factor. 
Generally, cables and transformers between each inverter 
and PCC can cause voltage drop, active and reactive power 
deviations. To correct the reactive power set point for each 
GSC, voltage at PCC and reactive power deviation between 
each inverter and PCC should be calculated. Fig.3 shows how 
the corrected reactive power set point (QCorr) for AVC 
function is calculated. The series and shunt parameters are 
stored in red blocks. “VPCC Cal.” block calculates the VPCC 
according to (7). The output of “Qdev Cal.” block is the reactive 
power demand of the transformer and the cables between 
converter and PCC calculated by (9). V*PCC is the voltage set 
point at PCC and QPCC-sp is the output of droop control and the 
desired PCC reactive power. For the simulations the transfer 
function of the “Droop Control” block is  
 ܩሺ�ሻ = ொ���−��ሺ௦ሻ�௥௥௢௥�−���ሺ௦ሻ = kpୱ+ଵ 
where ErrorV_PCC is the error between calculated PCC voltage 
and PCC voltage set point, kp is the voltage droop control setting 
(slope) and  is the time constant. 
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Fig. 3. Q correction realization for PCC automatic voltage control 
For realizing the reactive power set point correction for 
constant power factor at PCC function shown in Fig. 4, active 
power losses should also be calculated. This is done in “Plosses Cal.” block using (11). In Fig. 4, QPCC-sp is derived by,  
 ܳ௉��−௦௣ = ௉ܲ�� . tan⁡ሺacos(ܲܨ௦௣)ሻ 
This value is summed up with Qdev to form the corrected 
reactive power (Qcorr) required to be injected by the GSC (14).  
 ܳ௖௢௥௥ = ܳ௡_ௗ௘௩ + ܳ௉��−௦௣ 
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Fig. 4. Q correction realization for fixed power factor  
IV. SIMULATION RESULTS 
A. Wind farm and wind turbines configuration 
The simulated wind farm composed of three wind turbines 
with permanent magnet synchronous generators controlled by 
full back-to-back converters is illustrated in Fig 5. In this 
model, a wind farm consisting of only three wind turbines is 
chosen to minimize the simulation time. However, the 
controller can also manage larger wind farms. The three phase 
system is assumed to be balanced. The shunt and series 
parameters are calculated individually for each converter by 
(3)-(6) and are given in p.u. in Table I. Other model parameters 
are listed in the Table II. 
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Fig 5. Wind Farm model with decentralized control scheme 
TABLE I. SERIES AND SHUNT PARAMETERS 
Parameters n=1 n=2 n=3 
Rn_series 0.0048 0.0052 0.0055 
Xn_series 0.0430 0.0440 0.0451 
Gn_shunt 0.0035 0.0035 0.0035 
Bn_shunt 0.0011 0.0022 0.0033 
 
B. Automatic Voltage Control 
Only to demonstrate the functionality of the automatic 
voltage control, a fairly weak grid (with 50 MVA short circuit 
capacity) is connected to PCC. The pure reactive load 
connected to PCC as shown in Fig. 5, changes following the 
curve as shown in Fig. 6 to vary the PCC voltage. Also real 
limits for reactive power changing rates which may apply to 
both centralized and decentralized control are ignored and all 
the generators are feeding in an active power equal to 0.7 p.u.. 
TABLE II. SIMULATION MODEL PARAMETERS 
 
  
Fig. 6. The profile of the reactive load connected to PCC 
The result of simulation is shown in Fig. 7. The dashed line 
shows the PCC voltage set point (1 p.u.). The red curve 
demonstrates the voltage profile when only fixed reactive 
power is injected by the GSC independent from PCC voltage. 
If the PCC reactive power set point is applied directly to 
converter controller (without considering the cables and 
transformers), the blue curve will result. The green curve 
demonstrates the PCC voltage profile when a perfect central 
controller is used and finally the black curve shows the result of 
the proposed decentralized control strategy in which the effects 
of the transformers and cables are considered. Fig. 7 clearly 
shows that with no voltage control, the voltage variations are 
largest (about 0.046 p.u.). With the decentralized control, the 
voltage variations are reduced and the variation can be further 
reduced when the effects of the transformer and cable are 
considered by parameterizing the wind farm model in GSC. 
Compared to the centralized control, although the decentralized 
control cannot eliminate the voltage variation completely, but it 
has reduced the maximum deviation to 0.0068 p.u., which can 
satisfy the grid code requirements and obtain high performance 
for the power grid. 
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Elements Parameters Parameter Description  Values 
PMG 
Prated Rated Active Power 2 MW 
Vrated Rated Voltage 600 V 
Frated Rated Frequency 50 Hz 
Tr 1,2,3 
Srated Rated Apparent Power 2.5 MW 
Vpri Rated Primary Voltage 25 kV 
Vsec Rated Secondary Voltage 0.6 kV 
uk Short Circuit Impedance 8% 
X/R Inductance to Resistance 
ratio 9.5 
Rm Magnetization Res. 500 p.u. 
MV-
Cable 
1,2,3 
 
R Positive Sequence Resistance 
0.1153 
Ohm/km 
L Positive Sequence Inductance 
1.053e-3 
H/km 
C Positive Sequence Capacitance 
11.33e-9 
F/km 
Length Cable Length 1 km 
Grid Vgrid Grid Voltage 20 kV SS.C. Short Circuit Capacity 50 MVA 
Droop 
Control 
kp Voltage droop control gain 100 
 Time constant 0.2 s 
 Fig. 7. PCC voltage profile 
The reactive power generated by each wind turbine is 
depicted in Fig. 8 proving that the reactive power is not 
circulating among the wind turbines. However, as the 
parameters inaccuracy gets higher, the risk of reactive power 
circulation increases. This is shown in Fig. 9 where there is a 
positive 10% inaccuracy in all the parameters of first wind 
turbine and a negative 10% for the second turbine. At the spots 
where the slopes are opposite there is a small (less than 0.02 
p.u.) reactive power circulation.  
 
Fig. 8. The generated reactive power by each individual turbine 
 
Fig. 9.Generated reactive power by each converter with a 10% inaccuracy. 
C. Fixed Power Factor 
For simulating the fixed power factor function, PCC is 
connected to a strong grid and there is no load at PCC. Fig. 10 
demonstrates the result of the simulation. Power factor set point 
(dashed blue curve) changes from 0.95 overexcited to 1 and 
then to 0.95 underexcited. Using a central controller (green 
curve) the power factor is matched to the set point. The blue 
curve shows decentralized control without the wind farm model 
parameterization (max. deviation is 0.0235). When the effect of 
plant transformers and cables are not considered, power factor 
at PCC is higher than the set point for the overexcited set points 
and lower for underexcited set points, because Qdev is always 
inductive when Pn=0.7 p.u.. As clearly seen, implementing the 
farm model has reduced the max. deviation to 0.0016 which is 
far below the allowed error 0.005 according to German 
standards [14]. 
  
 
Fig. 10. Wind farm power factor at PCC 
According to (10), for calculating the active power at PCC, 
the difference in injected active power is critical. Therefore, the 
influence of unequal active powers on the fixed power factor 
function is investigated and shown in Fig. 11. With different 
active power values, although PPCC is not calculated correctly, 
but the reactive power set point of each generator is calculated 
correctly according to its own active power. Thus as illustrated 
in Fig. 11, unequal active powers (values are in p.u.) has no 
noticeable effect on the fixed power factor function. 
 
Fig. 11. Wind farm power factor considering different values for active 
power injections 
V. CONCULSION 
In this paper a decentralized control strategy for wind farms 
with full-scale converters is presented. In this strategy there is 
no need for the central control unit, measurement sensors at 
PCC and communication infrastructure. Thus, this method is 
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cheaper and more reliable than the centralized power control. 
From the simulations it can be concluded that the proposed 
decentralized controller can lead to almost similar results of 
using a central control strategy. The biggest challenge for 
decentralized power control is to build an accurate model of the 
wind farm internal structure. Accurate parameterization of the 
transformers and cables are necessary, otherwise the reactive 
power may circulate among the generators although the 
requirements are met at PCC. Moreover, restructuring, 
environmental conditions and deterioration of materials may 
also influence the parameterization accuracy. The simulations 
also showed that deviations in fed-in active powers has no 
effect on the fixed power factor function. This decentralized 
controller can be extended to all reactive power control 
functions required by the grid operators such as PF(P) (power 
factor as a function of active power). It is also possible to extend 
this strategy to control a remote bus in radial distribution grids. 
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